Some reflections on reflectors and wave amplitudes by Favretto-Cristini, Nathalie et al.
Some reflections on reflectors and wave amplitudes
Nathalie Favretto-Cristini, Paul Cristini, Eric De Bazelaire
To cite this version:
Nathalie Favretto-Cristini, Paul Cristini, Eric De Bazelaire. Some reflections on reflectors and
wave amplitudes. Acta Acustica united with Acustica, Hirzel Verlag, 2007, 93 (6), pp.909-916.
<hal-00462465>
HAL Id: hal-00462465
https://hal.archives-ouvertes.fr/hal-00462465
Submitted on 29 Jan 2014
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destine´e au de´poˆt et a` la diffusion de documents
scientifiques de niveau recherche, publie´s ou non,
e´manant des e´tablissements d’enseignement et de
recherche franc¸ais ou e´trangers, des laboratoires
publics ou prive´s.
 
   

 % + #,11($ 1  !)

  	* '   	* &'  .
"*-'
J052% NE%JJ91E2FJ272# M5 E2FJ272
9EJ92E% $% 9$&52FJ297 %J 	6/%E2% %7 &9F!2%7!%F <	=# # 72N%EF2J& $% M %J $%F QF $%
5D$9ME#  ::,,# H.T:K M# E7!%? 7J052%?*NE%JJ9M72N1;M?*E
? % S%52E%
::# 9MJ% $M 9ME/# H.LKT %QE2%1%71&E7# E7!%
	)"-
0% ;;%E $%F!E2%F J0% E%-%!J9E *E96  F%2F62! N2%O;927J# 7$ 27N%FJ2/J%F J0% 26;E27J 9* FM!0  $%F!E2;J297 97
J0% ON% E%-%!J297 ;E9!%FF? 9E% F;%!2+!55Q# J0% F;J25 E%/297 27 J0% N2!272JQ 9* J0% 27J%E*!% O02!0 !JM55Q
%!JF J0% E%-%!J%$ ON%+%5$ 2F $%J%E627%$ MF27/ J0% E%F7%5 N95M6% 7$ J0% 	7J%E*!% E%F7%5 S97% <	= !971
!%;JF? 02F E%/297 2F E%;E%F%7J%$ Q  N95M6% 9* 27J%/EJ297 9* ;E9;%EJ2%F 9N% 7$ %59O J0% 27J%E*!% O09F%
6P26M6 5J%E5 %PJ%7J !9EE%F;97$F J9 J0% 5J%E5 %PJ%7J 9* J0% 	# 7$ O09F% 6P26M6 N%EJ2!5 %PJ%7J !9EE%1
F;97$F J9  J02!47%FF O% %N5MJ% !!MEJ%5Q 7$ O02!0 !7 % /E%J%E J07 J0% F%2F62! ON%5%7/J0F? 97F2$%E27/
J02F $%F!E2;J297 9*  E%-%!J9E# O% J0%7 !5!M5J% J0% 6;52JM$% 9* J0% 1ON% %67J27/ *E96  ;927J F9ME!%
7$ E%!9E$%$ J  E%!%2N%E *J%E 2JF F;%!M5E E%-%!J297 97  F699J0 0969/%7%9MF 27J%E*!% %JO%%7 JO9 %5FJ2!
6%$2? F J0% ;E95%6 M7$%E !97F2$%EJ297 !7 % N2%O%$ F  ;E95%6 9* $2E!J297 Q J0% 	 O02!0 2F J0%
;0QF2!55Q E%5%N7J ;EJ 9* J0% 27J%E*!% O02!0 !JM55Q %!JF J0% E%-%!J%$ ON%+%5$ 27 J02F F26;5% !F%# O% J0%7
;;5Q J0% 7/M5E ;%!JEM6 ;;E9!0 <= !9627%$ O2J0 J0% 	 !97!%;J J9 /%J J0% K 75QJ2!5 F95MJ297?
0% NE2J297 27 J0% E%-%!J%$ 1ON% 6;52JM$% %N5MJ%$ O2J0 J0% # F  *M7!J297 9* J0% 27!2$%7!% 7/5%#
2F +755Q !96;E%$ O2J0 J0% ;57%1ON% E%-%!J297 !9%!2%7J# 7$ O2J0 J0% %P!J F95MJ297 9J27%$ O2J0 J0% K
!9$% ? %59O MJ !59F% J9 J0% !E2J2!5 7/5%# J0% ;E%$2!J297 9* 9ME ;;E9P26J297 %JJ%E +JF J0% %P!J F91
5MJ297 J07 J0% ;57%1ON% E%-%!J297 !9%!2%7J# O02!0 %6;0F2S%F J0% 26;9EJ7!% 9* !!9M7J27/ *9E J0% 	 27
6;52JM$% !5!M5J297F %N%7 *9E  N%EQ F26;5% %5FJ2! 69$%5?
	 ! '!(.!  !'.!
&")&
	7 F%2F62! E%-%!J297 FMEN%QF J0% ON%F /%7%EJ%$ Q 
;927J F9ME!% ;E9;/J% 27 J0% FJEJ2+%$ EJ0# 7$ E%
E%!9E$%$ J J0% FME*!% Q J0% E%!%2N%EF# *J%E %27/ E%1
-%!J%$ Q J0% E%-%!J9EF <9E# 69E% /%7%E55Q F;%427/# 271
J%E*!%F=? 75QF2F 9* J0% F%2F62! $J ;E9N2$%F 27*9E61
J297 97 J0% 6%$2M6 !0E!J%E2FJ2!F? E9N2$%$ J0% N%59!1
2JQ 69$%5 9* J0% 6%$2M6 2F 479O7# 75QF2F 9* J0% JEN%51
J26%F ;E9N2$%F J0% E%-%!J9E 59!J297# O025% *E96 J0% ON%1
*9E6F O% !7 /%J 27*9E6J297 97 J0% ;0QF2!5 ;E9;%EJ2%F
9* J0% 6%$2M6? %N%EJ0%5%FF# E%JE2%N27/ J0% /%96%JE2!5
7$ ;0QF2!5 !0E!J%E2FJ2!F 9* J0% EJ0 2F !JM55Q  $2*1
+!M5J JF4# F27!% J0% 6%$2M6 !7 % 02/05Q !96;5%P 7$
0%J%E9/%7%9MF# $%;%7$27/ 97 J0% F%2F62! *E%@M%7!Q E7/%
9* 27J%E%FJ? 27!% 67Q $%!$%F /%9;0QF2!27F 0N% J0%E%1
*9E% $%N%59;%$ NE29MF J0%9E%J2!5 6%J09$F J9 +J J0% E%5
F%2F62! $J? 9FJ 9* J0%6 E% F%$ 97 ;;E9P26J297F
%!%2N%$ L, 
7MEQ LTTG# E%N2F%$ LT 
M5Q LTTG#
!!%;J%$ LT M/MFJ LTTG?
 %!%F%$ 97 L' 
M7% LTTG
9* ON% ;E9;/J297 ;E9!%FF%F 7$ 97 FFM6;J297F 97 J0%
/%959/2!5 69$%5? 7% 9* J0% ;;E9P26J297F !97F2FJF 27
7%/5%!J27/ J0% %%!J 9* J0% 5J%E55Q NEQ27/ ;E9;%EJ2%F 9*
J0% 27J%E*!%F? 9O%N%E# E%!9E$%$ $J %E J0% 6E4F 9*
J0% 0%J%E9/%7%2J2%F 59!J%$ 27 J0% 6%$2M6 9$Q# 7$ 5F9
J0% 6E4F 9* J0% 0%J%E9/%7%2J2%F 59!J%$ J J0% 27J%E*!%F?
ME M5J26J% /95 2F J0%E%*9E% J9 %N5MJ% J0% 26;E27J 9*
J0% 27J%E*!% ;E9;%EJ2%F 97 J0% E%!9E$%$ F%2F62! $J? P1
!%;J *9E 6J0%6J2!5 !97N%72%7!%# 27J%E*!%F E% 79J 271
+72J%5Q J027? 0% M7$%E5Q27/ @M%FJ297F E% J0%7" 0J 2F 
E%-%!J9E 524% *E96 J0% F%2F62! 7$ ;0QF2!5 N2%O;927JFA 	7
9J0%E O9E$F# !97F2$%E27/ 7 2F95J%$ 27J%E*!%# 09O J02!4
E% J0% E%/297F 9N% 7$ %Q97$ J0% 27J%E*!% O02!0 !1
JM55Q %!J J0% E%-%!J%$ ON%+%5$ E%!9E$%$ Q J0% E%1
!%2N%EFA 0J 2F J0% 26;E27J 9* J0%F% E%/297F 97 J0% 271
J%E*!% E%-%!J2N2JQ 7$ 97 J0% 6;52JM$%F 9* J0% E%-%!J%$
ON%FA 	7 J0% ;;%E O% *9!MF 97 J0%F% @M%FJ297F?
0% F2F 9* 67Q F%2F62! FJM$2%F 2F J0% EQ J0%9EQ
: ? 7$%E J02F ;;E9P26J297 2J 2F FFM6%$ J0J J0% 02/01
*E%@M%7!Q ;EJ 9* %5FJ2! %7%E/Q ;E9;/J%F 597/ 27+72J%5Q
7EE9O 527%F J0E9M/0 F;!%# !55%$ EQF# O02!0 3927 J0%
F9ME!% 7$ J0% E%!%2N%E? Q J0%9EQ 2F J0%7 FJE2!J5Q N52$
 
% &0 &   1
 
   
 .&** &'* * % 	* &'  /. "*-'
 % + #,11($
975Q 27 J0% 5262J 9*  0Q;9J0%J2!5 27+72J%1*E%@M%7!Q ON%?
F E%!9E$%$ F%2F62! $J 0N%  59O *E%@M%7!Q !97J%7J
<JQ;2!55Q# %JO%%7 :T 7$ HT S=# 2J 2F !!%;J%$ J0J F%2F1
62! ON% ;E9;/J297 2F %PJ%7$%$ J9  +72J% N95M6% 9*
F;!% E9M7$ J0% EQ ;J0# !55%$ J0% :FJ E%F7%5 N95M6%
L # O02!0 !97JE2MJ%F J9 J0% E%!%2N%$ ON%+%5$ *9E %!0
*E%@M%7!Q? 0% +EFJ E%F7%5 N95M6%# 0%E%*J%E $%79J%$ #
7$ 2JF 27J%EF%!J297 O2J0  E%-%!J9E# !55%$ J0% 	7J%E*!%
E%F7%5 S97% <	=# 0N% E%!%2N%$ E9$ JJ%7J297 27 E%1
!%7J ;FJ Q%EF? 0%F% !97!%;JF E% !97J27M55Q %27/ $%1
N%59;%$ 7$ 0N% *9M7$ F9 67Q ;;52!J297F 27 F%2F6951
9/Q 7$ 27 F%2F62! %P;59EJ297# J0J 2J 2F 26;9FF25% 0%E%
J9 E%N2%O 55 J0% 994F 7$ EJ2!5%F O02!0 ;Q JJ%7J297 J9
J0%6 27 F%2F62! ON% ;E9;/J297 K# .# , ? %N%EJ0%5%FF#
O% F055 6%7J297 J0% O9E4F 9* %EN%7R 7$ 02F !91MJ09EF
O09 0N% FM//%FJ%$ JO9 6%J09$F *9E 27!5M$27/  ;E61
%J%E !5!M5J297F 27J9 J0% EQ JE!27/ ;E9!%$ME% 27 !96;5%P
L 7$ K FJEM!JME%F? 0% +EFJ 97%# !55%$ J0% E%F7%5 N951
M6% EQ JE!27/ H # !9627%F J0% ;EP25 EQ ;;E9P21
6J297 O2J0 J0% $Q762! EQ JE!27/# 7$ 2F 975Q ;;52!1
5% J9 S%E919E$%E ON%F <$2E%!J# E%-%!J%$ 7$ JE7F62JJ%$
ON%F???=# O0%E%F J0% F%!97$ 6%J09$# 69E% !!MEJ% J07
J0% ;E%N29MF 97%# 2F F%$ 97 7%JO9E4 EQ JE!27/ G ? 0%Q
0N% 5F9 $%E2N%$ 75QJ2!5 %P;E%FF297F *9E F 9* F%2F1
62! 9$Q ON%F 7$ *9E 	 *9E F26;5% FJEM!JME%F# O02!0
9%EF  $%%;%E 27F2/0J 27J9 J0% ;E9;%EJ2%F 9*  7$ 	
'# 8 ? * ;EJ2!M5E 27J%E%FJ E% J0% F2S% 9* J0% 	 7$ J0%
F2S% 9* J0% N95M6% 9* J0% E%-%!J9E 27N95N%$ 27 E%-%!J297
J26% 6%FME%6%7JF :T # %!MF% %!0 97% !7 % E%5J%$
J9 J0% 09E2S97J5 7$ N%EJ2!5 E%F95MJ297F 9* F%2F62! 6%J01
9$F ::# :L ? 7*9EJM7J%5Q# F %EN%7R 7$ !91MJ09EFD
93%!J2N%F O%E% !97!%E7%$ %FF%7J255Q O2J0 427%6J2! EQ
JE!27/# J0% %P;E%FF297F J0%Q $%E2N%$ E% 27!96;5%J%? 7J25
79O# 975Q J0% 	 7$ J0% ;%7%JEJ297 $%;J0 9* J0%  %1
59O J0% E%-%!J9E O%E% !97F2$%E%$ 27 FJM$2%F? %N%EJ0%5%FF#
2* J0% F%2F62! 6;52JM$%F J E%!%2N%EF 0N% J9 % %N5MJ%$#
O% 6MFJ $%J%E627% J0% 27J%E*!% E%-%!J2N2JQ Q !!9M7J27/
*9E J0% F;J25 E%/297 27 J0% N2!272JQ 9* J0% 27J%E*!% O02!0
%!JF 2J? 	7 9J0%E O9E$F# O% 6MFJ !!9M7J *9E J0% 	 7$
*9E !%EJ27 N95M6%F %59O J0% 27J%E*!% 27 J0% JE7F62FF297
6%$2M6 7$ 9N% J0% 27J%E*!% 27 J0% 27!2$%7!% 6%$2M6?
0% /95 9* J0% ;;%E 2F J9 $%+7% J0% E%-%!J9E *E96 J0%
F%2F62! N2%O;927J# 7$ J0MF J9 9J27  %JJ%E M7$%EFJ7$1
27/ 9* J0% ;E9!%FF 9* ON% E%-%!J297 *E96 J0% E%-%!J9E?
0% ;;%E 2F 9E/72S%$ 27 JO9 F%!J297F? %!J297 : 2F !971
!%E7%$ O2J0 J0% F%2F62! $%F!E2;J297 9*  E%-%!J9E? ;%1
!25 JJ%7J297 2F ;2$ J9 J0%  7$ J9 J0% 	 O02!0 E%
*E%@M%7!Q1$%;%7$%7J# 7$ O02!0 5F9 $%;%7$ 97 J0% ;91
F2J297 9* J0% F9ME!% 7$ J0% E%!%2N%EF? % J0%7 $%J%E627%
J0% ;EJ 9* J0% E%-%!J9E O02!0 !JM55Q %!JF J0% E%-%!J%$
ON%+%5$? %!J297 L 27N%FJ2/J%F J0% E95% 9* J0% 	 27
J0% E%-%!J%$ ON% ;E9;/J297? 9 *9!MF F;%!2+!55Q 97
J0% 26;E27J 9* J0% 	# O% !97F2$%E  N%EQ F26;5% %5FJ2!
69$%5# %?/?  F699J0 0969/%7%9MF 27J%E*!% %JO%%7 091
69/%7%9MF# 2F9JE9;2!# 7$ %5FJ2! 6%$2? %J%E9/%7%2J2%F
J J0% 27J%E*!% O255 % J0% F!9;% 9* *MJME% O9E4F? % 27JE91
$M!% J0% 6%J09$ O% MF%$ *9E $%E2N27/ J0% 6;52JM$% 9* J0%
1ON%# %67J27/ *E96  ;927J F9ME!% 7$ E%!9E$%$ J J0%
E%!%2N%E *J%E 2JF E%-%!J297 97 J0% 27J%E*!%? F J0% ;E95%6
M7$%E !97F2$%EJ297 !7 % N2%O%$ F  ;E95%6 9* $2E!1
J297 Q J0% 	# 2?%? 27 J02F !F% J0% ;0QF2!55Q E%5%N7J ;EJ
9* J0% 27J%E*!% O02!0 !JM55Q %!JF J0% E%-%!J%$ ON%1
+%5$# O% ;;52%$ J0% 7/M5E ;%!JEM6 ;;E9!0 <=
:K J9 /%J J0% K 75QJ2!5 F95MJ297? 2755Q# J0% NE2J297
27 J0% E%-%!J%$ 1ON% 6;52JM$%# F  *M7!J297 9* J0% 271
!2$%7!% 7/5%# %N5MJ%$ O2J0 J0%  2F !96;E%$ O2J0
J0% !5FF2!5 ;57%1ON% <= E%-%!J297 !9%!2%7J# 7$
O2J0 J0% %P!J F95MJ297 9J27%$ O2J0 J0% K !9$% 
<0JJ;"II!9MFJ2!F?62J?%$MI*!M5JQI0%7E24I9F%F?0J65=?
! 	#  &) &")&  &
&"   &# " *)
% FFM6% J0J J0% 27J%E*!% 2F 2F95J%$ *E96 J0% 9J0%E
97%F? % 6%7 J0J J0% $2FJ7!% %JO%%7 J02F 27J%E*!%
7$ 79J0%E 97% 2F 6M!0 /E%J%E J07 L # O0%E%  2F J0%6%$2M6 N%59!2JQ 7$  2F J0% *E%@M%7!Q 7$O2$J0 9*
J0% F9ME!%? 97F%@M%7J5Q# J0%E% 2F 79 27J%E*%E%7!% %JO%%7
!59F% 27J%E*!%F?
!! ,) &" ,&#  & &")&
*)
% !97F2$%E JO9 0969/%7%9MF 2F9JE9;2! %5FJ2! 6%$2 27
O%5$%$ !97J!J J  ;57% 27J%E*!% 59!J%$ J  $2FJ7!% 
*E96 J0% 1;57% 27!5M$27/ J0% ;927J F9ME!%  <
 #T#T=#
7$ J0% E%!%2N%E  <	#T#T=? 0% F9ME!% /%7%EJ%F 27 J0%
M;;%E 6%$2M6  F;0%E2!5 ON% O2J0  !97FJ7J 6;521
JM$%? 0% F;0%E2!5 ON% !7 % $%!96;9F%$ 27J9 7 271
+72J% FM6 9* ;57% ON%F <=# FQ7!0E979MF %!0 9J0%E
J J0% J26% 9E2/27? % !97F2$%E J0% 0E6972!  O2J0 *E%1
@M%7!Q  O02!0 ;E9;/J%F 27 J0% M;;%E 6%$2M6 O2J0 J0%
N%59!2JQ : *E96  J9 # *J%E %27/ E%-%!J%$ Q J0% 27J%E1
*!% J J0% ;927J <T#T# = 27  F;%!M5E $2E%!J297  O2J0
E%F;%!J J9 J0% 79E65 J9 J0% 27J%E*!% <2/ME% :=? %J J0%
JEN%5J26% 9* J0% F;%!M5E E%-%!J%$ ON% % 
	?
0% F%J 9* 55 ;9FF25% EQF 
	 O2J0 !97FJ7J JEN1
%5J26% 
	 $%+7%F J0% 2F9!0E97% *9E J0% F9ME!%1E%!%2N%E
;2E <#= E%5J2N% J9 J0% F;%!M5E E%-%!J297 ? 02F
2F9!0E97% $%F!E2%F 7 %552;F92$ 9* E%N95MJ297 J7/%7J J9
J0% 27J%E*!% J # O09F% E9JJ2975 P2F ;FF%F J0E9M/0 
7$ ? Q $%+72J297# J0%  !9EE%F;97$27/ J9  7$ # 7$
FF9!2J%$ O2J0 J0% E%-%!J297 J # 2F *9E6%$ Q N2EJM5
$2E!J297 ;927JF  FM!0 J0J J0% ON%F ;FF27/ J0E9M/0
J0%F% ;927JF 27J%E*%E% !97FJEM!J2N%5Q O2J0 J0% F;%!M5E E%1
-%!J%$ ON%? 02F !97$2J297 2F *M5+55%$ O0%7 J0% ;J01
5%7/J0 $2%E%7!% 2F 5%FF J07 97%105* 9* J0% ON%5%7/J0
:  : !9EE%F;97$27/ J9 J0% $96277J *E%@M%7!Q  9*J0% 7EE9O17$ F9ME!% F2/75 L "
< 
=  < 	=  < 
=  < 	=  :L  <:=
J0% @M7J2JQ <  = $%79J27/ J0% $2FJ7!% %JO%%7 J0%
;927J  7$ J0% ;927J ? F 2F O%551479O7# J0% 627 !97JE21
MJ297 J9 J0% ON%+%5$ !96%F *E96 J0% +EFJ  F J0% E;2$
9F!255J9EQ E%F;97F%F 9* J0% 02/0%E19E$%E F 7$ E%F7%5
!1
.&** &'* * % 	* &'  /. "*-'  
   

 % + #,11($
""" " """ """
"""

"""
"""
"""
"""
"""
"
"
 
$ 	  












"""
2/ME% :? %;E%F%7JJ297F# 27 J0% 1;57%# 9* J0% E%F7%5 N95M6%
27N95N%$ 27 J0% ON% E%-%!J297 J J0% ;927J  J  ;57% 27J%E1
*!%# M7$%E J0% 27!2$%7!% 7/5%   K,? 0% F9ME!%  7$ J0%
E%!%2N%E  E% F2JMJ%$ J  $2FJ7!% KTTT 6 *E96 J0% 27J%E*!%?
0% !5FF2!5 E%;E%F%7JJ297 9* J0% E%F7%5 N95M6% 2F J0% %552;1
F92$ 9* E%N95MJ297 O2J0 *9!2 59!J%$ J  7$ J J0% 26/% F9ME!%
? 02F E%;E%F%7JJ297# 6275Q F%$ 97 JE7F62FF297 !97F2$%E1
J297F# 2F FM2J5% *9E !!9M7J27/ *9E J0% 0%J%E9/%7%2J2%F 59!J%$ 27
J0% 6%$2M6 9$Q? 79J0%E E%;E%F%7JJ297 9* J0% E%F7%5 N95M6%
FF9!2J%$ O2J0 J0% E%-%!J297  2F /2N%7 Q J0% N95M6% 591
!J%$ 27 J0% 27!2$%7!% 6%$2M6 %JO%%7 J0% %552;F92$F 9* E%N95M1
J297 O2J0 *9!2 J  7$  <F%% J0% J%PJ *9E 69E% $%J25F=? 02F E%;1
E%F%7JJ297 2F ;;E9;E2J% *9E !9M7J27/ *9E J0% 0%J%E9/%7%2J2%F 27
J0% N2!272JQ 9* J0% 27J%E*!%? 0% N%59!2J2%F 27 J0% M;;%E 7$ 59O%E
6%$2 E% E%F;%!J2N%5Q :  .TTT 6IF 7$ L  ,LTT 6IF# 7$
J0% *E%@M%7!Q   KL S? 0% F%2F62! ON%5%7/J0F 27 J0% M;;%E
7$ 59O%E 6%$2 E% E%F;%!J2N%5Q :  :L, 6 7$ L  :HL, 6?
0% !E2J2!5 7/5% 2F %@M5 J9   ,TL'?
" 
 " 
 " 
 " 
 " 

  
""

"

""


"
""

"
""

"








 





!



2/ME% L? E2J297 27 J0% 271;57% F%621P2F  <(= 7$ 27 J0%
JE7FN%EF% F%621P2F 	 <1 1 1= 9* J0% 	7J%E*!% E%F7%5 S97% F
 *M7!J297 9* J0% 27!2$%7!% 7/5% ? 0% N%59!2J2%F 27 J0% M;;%E
7$ 59O%E 6%$2 E% E%F;%!J2N%5Q :  .TTT 6IF 7$ L 
,LTT 6IF# 7$ J0% *E%@M%7!Q   KL S? 0% F%2F62! ON%1
5%7/J0F 27 J0% M;;%E 7$ 59O%E 6%$2 E% E%F;%!J2N%5Q :  :L, 6
7$ L  :HL, 6? 0% !E2J2!5 7/5% 2F %@M5 J9   ,TL'?
S97%F !7!%5 9MJ 7$ /2N% 6279E !97JE2MJ297F J9 J0% ON%1
+%5$ :. ? 	7 9ME O9E4 O% E%FJE2!J 9MEF%5N%F J9 J0% +EFJ 
O02!0 2F F26;5Q E%*%EE%$ J9 F ? 0%  2F E%;E%F%7J%$
Q J0% N95M6% F2JMJ%$ 9N% J0% 27J%E*!% 27 J0% M;;%E
6%$2M6 7$ 9M7$%$ Q JO9 %552;F92$F 9* E%N95MJ297# O2J0
*9!2 J  7$ # J7/%7J J9 +!J2J29MF ;E55%5 ;57%F J9 J0%
27J%E*!% 7$ 59!J%$ J  $2FJ7!% :. %59O 7$ 9N% J0%27J%E*!% <2/ME% :=? 0% JO9 %552;F92$F 9* E%N95MJ297 E%
$%+7%$ Q"
L
< !9F  
 :.=L 
L
< !9F  
 :.=LL J7L 
 
L
< !9F  
 :.=L  L J7L 
 :  T <L=
%E%# 2J 6MFJ % F;%!2+%$ J0J# F F%2F62! ON%+%5$F E%
JE7F2%7J 7$ 5E/%17$# 2J 2F /%7%E55Q 7%!%FFEQ J9 $%1
!96;9F% J0% F9ME!% F2/75 27J9 7EE9O17$ F2/75F *9E
O02!0 6979!0E96J2!  !7 % !97FJEM!J%$ *9E J0% ;E%1
N2527/ *E%@M%7!Q 9* J0% F2/75 F;%!JEM6 :, ?
0% 	 2F $%+7%$ F J0% !E9FF F%!J297 9* J0%  Q 7
27J%E*!% O02!0 6Q 79J % ;%E;%7$2!M5E J9 J0% EQ ?
	* J0% F9ME!%  7$ J0% E%!%2N%E  E% F2JMJ%$ J J0% F6%
$2FJ7!% *E96 J0% 27J%E*!%# J0% 	 2F E%;E%F%7J%$ Q 7
%552;F% !%7J%E%$ J J0% E%-%!J297 ;927J # O09F% %@MJ297
2F 9J27%$ *E96 J0% *9E6M5J297 9* J0% %552;F92$ 9* E%N91
5MJ297# %@MJ297 <L=# 4%%;27/ J0% F2/7  7$ E%;5!27/  Q
 ? 0% 271;57% F%621P2F  7$ J0% JE7FN%EF% F%621P2F
	 9* J0% 	 E% J0%7 %P;E%FF%$ F"
 

:
L
	 
!9F  
:
'



:  
L
 J7L 
 
!9F   :.
L


:

	 

:
L
	 
!9F  
:
'

 <K=
0% !0E!J%E2FJ2!F 9* J0% 	 $%;%7$ 97 J0% ;9F2J297F 9*
J0% F9ME!%1E%!%2N%E ;2E# 7$ 5F9 97 J0% 27!2$%7!% 7/5% 9*
J0% EQ ? 9E%9N%E# 5E/%E ;9EJ297F 9* J0% 27J%E*!% E%
27N95N%$ *9E 59O1*E%@M%7!Q J07 *9E 02/01*E%@M%7!Q !961
;97%7JF 9* J0% ON%+%5$# 7$ 5F9 *9E /E%J 27!2$%7!% 71
/5%F  EJ0%E J07 *9E F655 7/5%F <2/ME% L=? 	J 2F 5F9
O%551479O7 J0J  ;%EJMEJ297 9* J0% 6%$2M6 !JM55Q *1
*%!JF J0% E%-%!J%$ ON% O0%7 J02F ;%EJMEJ297 2F 59!J%$
27F2$% J0% 	?
P;E%FF297F *9E J0% F%621P%F 9* J0% 	 FF9!2J%$ O2J0
J0% E%-%!J%$ ON%+%5$# /2N%7 Q %@MJ297 <K=# E% 2$%7J2!5
J9 J09F% E%;9EJ%$ 27 ' ? %E%# O% 6MFJ !5E2*Q F96% 26;9E1
J7J ;927JF? 	7 67Q ;;%EF 2F MF%$ J0% !5FF2!5 E%;E%F%7J1
J297 9* J0%  O02!0 2F 7 %552;F92$ 9* E%N95MJ297 O2J0 *9!2
59!J%$ J  7$ J J0% 62EE9E 26/%  9* J0% F9ME!% 
<2/ME% :=? 02F E%;E%F%7JJ297# 6275Q F%$ 97 JE7F62F1
F297 !97F2$%EJ297F# 2F FM2J5% *9E !!9M7J27/ *9E J0% 0%J1
%E9/%7%2J2%F 9* J0% 6%$2M6 9$Q 59!J%$ 27 J0% N2!272JQ 9*
J0% EQ# O025% J0%  E%;E%F%7JJ297 O% MF% 2F 69E% ;;E91
;E2J% J9 !!9M7J *9E J0% 0%J%E9/%7%2J2%F 9* J0% 27J%E*!%#
F 2J 2F !977%!J%$ FJE2!J5Q J9 J0% ON% E%-%!J297 ;E9!%FF?
9E%9N%E# M7524% J0% !5FF2!5 97%# J02F E%;E%F%7JJ297 51
59OF J0% $%+72J297 9* J0% N95M6%F 9N% 7$ %Q97$ J0%
27J%E*!% O02!0 !0E!J%E2S% J0% E%-%!J9E? 0% *9559O27/
FMF%!J297 2F *9!MF%$ 97 J02F $%+72J297? 9J% J0J J0% JO9
E%;E%F%7JJ297F E% !96;5%6%7JEQ 7$ 6MFJ % !9627%$
!!
 
   
 .&** &'* * % 	* &'  /. "*-'
 % + #,11($
2* J0% ON% ;E9;/J297 27 6%$2 O2J0 0%J%E9/%7%2J2%F 27
J0% 9$Q 7$ J J0% 27J%E*!%F 2F 27N%FJ2/J%$?
!(! ,) *"& ,&#  & &")&
*)
	J 2F O%551479O7 J0J J0%  9* J0% E%-%!J%$ ON% 2F 79J
5262J%$ Q J0% 27J%E*!%# MJ ;%7%JEJ%F !E9FF J0% 27J%E*!%
27 J0% JE7F62FF297 6%$2M6? 0% ;%7%JEJ297 $2FJ7!% !7
% %N5MJ%$ ;;E9P26J%5Q 27 7 75QJ2!5 OQ *9559O27/
JEN%5J26% 6%FME%6%7JF 9E 27  7M6%E2!5 OQ MF27/ J0%
7%JO9E4 EQ JE!27/ ' ? % ;E9;9F% J9 $%+7% 2J !!MEJ%5Q
27 J0% ;57% 9* FQ66%JEQ %JO%%7  7$  *9E FM!E2J2!5
27!2$%7!% 7/5%F?
0% JE7F62FF297 5O 9* !MENJME% $%F!E2%$ 27 :H#
;?.K "
L  : L:
	 !9F 
!9F 
L
 !9F 
	L
:
!9F 
!9F   :

 <.=
!977%!JF J0% !MENJME% L 9* J0% JE7F62JJ%$ ON%*E97J J9
J0% !MENJME% : 9* J0% 27!2$%7J ON%*E97J 7$ J9 J0% 27J%E1
*!% !MENJME% ? 0% JE7F62FF297 7/5%  2F !977%!J%$
J9 J0% 27!2$%7!% 7/5%  J0E9M/0 7%55DF 5O# 7$ L $%1
79J%F J0% N%59!2JQ 27 J0% 59O%E 6%$2M6? 	7 J0% !F% 9* 
;57% 27J%E*!% <  T=# J0% JE7F62FF297 5O 9* !MEN1
JME%# %@MJ297 <.=# %!96%F 27 J%E6F 9* E$22 9* !MENJME%
	L 7$ 	:"
	L  	: :L
	!9F 
!9F 
L
 <,=
Q FMFJ2JMJ27/ J0% E$22 9* !MENJME% 	L 7$ 	: *9E J0%2E
E%F;%!J2N% %P;E%FF297 !9F  7$ 
!9F  # O% /%J J0% ;9F2J2979* J0% 7%O +!J2J29MF F9ME!%1E%!%2N%E ;2E <D#D= O2J0 E%1
F;%!J J9 J0% 27J%E*!% ;57%    # F  *M7!J297 9* J0%
27!2$%7!% 7/5% "
	  
    :L
	!9F 
!9F 
K
 <H=
0% ;2E <D#D= O02!0 !7 % N2%O%$ F 26/% 9* <#=
*9E J0% JE7F62FF297 ;E9!%FF O9M5$ ;E9N2$% J0% F6% ON%1
*E97J !MENJME% F <#=# MJ 9!!ME27/ %7J2E%5Q 27 J0% JE7F1
62FF297 6%$2M6? F ;E%N29MF5Q# Q !97F2$%E27/ J0% %552;1
F92$ 9* E%N95MJ297 O2J0 *9!2 D 7$ D# J7/%7J J9 J0% 27J%E1
*!% ;57% J # 7$ J0% 7%O %552;F92$F O02!0 $%+7% J0%
 FF9!2J%$ O2J0 J0% E%-%!J297 DD <2/ME% K=# 2J 2F
FJE2/0J*9EOE$ J9 %N5MJ% J0% ;%7%JEJ297 $2FJ7!% L 9*
J0%  9* J0% E%-%!J%$ ON%# 27 J0% JE7F62FF297 6%$2M6#
27 J0% ;57% 9* FQ66%JEQ %JO%%7  7$ "
L 

L
  
L 
 
L !9F  
LL
:H

 :L
 
   <G=
02F E%FM5J 2F N52$ 975Q *9E FM!E2J2!5 27!2$%7!% 7/5%F
 7$ 27 J0% ;57% 9* FQ66%JEQ %JO%%7  7$ ? 9E
  T# J0% $2FJ7!% L %@M5F J0% O%551479O7 N5M% L.
"""""" """ """ """ """" """ """
"
 
$ 	  












"""
"""
"""
"""
"
2/ME% K? %;E%F%7JJ297# 27 J0% 1;57%# 9* J0% E%F7%5 N951
M6% 27N95N%$ 27 J0% +!J2J29MF ON% E%-%!J297 J J0% ;927J  9*
J0% ;57% 27J%E*!%# M7$%E J0% 27!2$%7!% 7/5% ? 0% +!J2J29MF
F9ME!%1E%!%2N%E ;2E <D#D=# 59!J%$ J  $2FJ7!% 
 *E96 J0%
27J%E*!% ;57%# !7 % N2%O%$ F 26/% 9* J0% ;2E <#= 7$
O9M5$ ;E9N2$% J0% F6% ON%*E97J !MENJME% F <#=# MJ 9!1
!ME27/ %7J2E%5Q 27 J0% JE7F62FF297 6%$2M6? 0% N%59!2J2%F 27
J0% M;;%E 7$ 59O%E 6%$2 E% E%F;%!J2N%5Q :  .TTT 6IF
7$ L  ,LTT 6IF# 7$ J0% *E%@M%7!Q   KL S? 0% F%2F1
62! ON%5%7/J0F 27 J0% M;;%E 7$ 59O%E 6%$2 E% E%F;%!J2N%5Q
:  :L, 6 7$ L  :HL, 6?
' ? 0% ;%7%JEJ297 $2FJ7!% L 27!E%F%F O2J0 27!E%F1
27/ 27!2$%7!% 7/5%F# MJ 2F 5OQF F655%E J07 J0% F%2F1
62! ON%5%7/J0 L <2/ME% .=? 0% ;%7%JEJ297 $2FJ7!%#
9MJ 9* J0% ;57% 9* FQ66%JEQ# !7 % 5F9 %N5MJ%$ 27 J0%
F6% OQ *E96 J0% %7N%59;% 9* J0% %552;F92$F 9* E%N95M1
J297 O2J0 *9!2 D 7$ D 69N27/ 597/ !MFJ2!F# %N%7 *9E
7971;57E 27J%E*!%F <  T=? %N%EJ0%5%FF# *9E ;9FJ!E2J21
!5 27!2$%7!% 7/5%F# F J9J5 E%-%!J297 9!!MEF# O% E% 79J
5% J9 $%+7% J0% ;%7%JEJ297 $2FJ7!% 9* J0%  %59O
J0% 27J%E*!% Q MF27/ J0% JE7F62FF297 5O 9* !MENJME%?
9J% J0J J0% ;;E9P26J297 9* J0% $2FJ7!% L /2N%7 27
' !7 % 9J27%$ *9E N5M%F 9* J0% 27!2$%7!% 7/5% 
!59F% J9 S%E9# 7$ J0%7 *9E /E%J ;9F2J297 
  # Q $%E2N27/ 
:19E$%E ;;E9P26J297 9* J0% %P;E%FF297 <G= 9* L O2J0
E%F;%!J J9 <:L
  =<L
 L !9F L'=? 02F ;;E9P261J297 9N%E%FJ26J%F J0% E%5 N5M% 9* J0% $2FJ7!% L # 7$ 2JF
!!ME!Q $%!E%F%F O2J0 27!E%F27/ 27!2$%7!% 7/5%F <2/1
ME% .=?
9559O27/ J0% F6% E%F9727/# 2J 2F !5%E J0J  E%/297
9N% J0% 27J%E*!% 27 J0% 27!2$%7!% 6%$2M6 5F9 !971
JE2MJ%F !JM55Q J9 J0% E%-%!J%$ ON%+%5$? 02F E%/297 0F
/9J J02!47%FF : 27 J0% ;57% 9* FQ66%JEQ %JO%%7  7$
 O02!0 !7 % %N5MJ%$ 27 J0% F6% OQ F ;E%N29MF5Q#
J0% ;2E <#= %27/ N2%O%$ F 26/% 9* <#= O2J0 E%1
F;%!J J9 J0% 27J%E*!% ;57%"
: 

L 
: 
L !9F  
L:
:H

 :L
   <'=
02F E%FM5J 2F %P!J 27 J0% ;57% 9* FQ66%JEQ %JO%%7  7$
 O0J%N%E J0% 27!2$%7!% 7/5% ? 9E   T# J0% $2FJ7!%
: %@M5F J0% N5M% :. ? 0% J02!47%FF : 27!E%F%F O2J027!E%F27/ 27!2$%7!% 7/5%F 7$ 2F 5OQF F655%E J07 J0%
F%2F62! ON%5%7/J0 : 7$ J0% ;%7%JEJ297 $2FJ7!% L
!,
.&** &'* * % 	* &'  /. "*-'  
   

 % + #,11($
" 
 " 
 " 
 " 
 " 

  
"
"

"
"
"
	"
"
""
"










2/ME% .? E2J297 27 J0% ;%7%JEJ297 $%;J0 : 9* J0% E%F7%5
N95M6% 9N% J0% 27J%E*!% <?????= 7$ 27 J0% ;%7%JEJ297 $%;J0
L %59O J0% 27J%E*!% <(= F  *M7!J297 9* J0% 27!2$%7!% 71
/5% ? 96;E2F97 O2J0 J0% NE2J297 27 J0% ;%7%JEJ297 $%;J0
L <1 1 1= ;E9N2$%$ Q NF724 7$ %EN%7RDF ;;E9P261
J297 F  *M7!J297 9* J0% 27!2$%7!% 7/5% ? 0% N%59!2J2%F 27
J0% M;;%E 7$ 59O%E 6%$2 E% E%F;%!J2N%5Q :  .TTT 6IF
7$ L  ,LTT 6IF# 7$ J0% *E%@M%7!Q   KL S? 0% F%2F1
62! ON%5%7/J0F 27 J0% M;;%E 7$ 59O%E 6%$2 E% E%F;%!J2N%5Q
:  :L, 6 7$ L  :HL, 6? 0% !E2J2!5 7/5% 2F %@M5 J9
  ,TL'?





&


$ 	
2/ME% ,? %2F62! $%F!E2;J297 9*  E%-%!J9E 27 J0% 1;57%? 0%
271;57% F%621P2F 9* J0% 	7J%E*!% E%F7%5 S97% 2F $%79J%$ Q ?
0% $2FJ7!% : 2F J0% 6P26M6 J02!47%FF 9* J0% E%/297 9N%
J0% 27J%E*!% O02!0 %!JF J0% E%-%!J%$ ON%+%5$# O0%E%F J0%
$2FJ7!% L !0E!J%E2S%F J0% ;%7%JEJ297 $2FJ7!% 9* J0% E%F7%5
N95M6% <FF9!2J%$ O2J0 J0% E%-%!J%$ ON%= %59O J0% 27J%E*!%
27 J0% JE7F62FF297 6%$2M6# 27 J0% ;57% 9* FQ66%JEQ %JO%%7
J0% F9ME!% 7$ J0% E%!%2N%E?
<2/ME% .=? 0% $2FJ7!% :# 9MJ 9* J0% ;57% 9* FQ66%1
JEQ# !7 % 5F9 %N5MJ%$ %P!J5Q 27 J0% F6% OQ %!MF%
J0% !MFJ2!F 597/ O02!0 J0% *9!2  7$  69N% E% $%1
/%7%EJ% 7$ E% J0%7 E%$M!%$ J9 ;927JF?
% E% 79O 5% J9 $%+7% O0J  E%-%!J9E 2F 524% *E96
J0% F%2F62! 7$ ;0QF2!5 N2%O;927JF?  E%-%!J9E 2F  N951
M6% 9* 27J%/EJ297 9* ;E9;%EJ2%F 9N% 7$ %59O J0% 27J%E1
*!%? 02F N95M6% 2F E%;E%F%7J%$ Q J0% E%/297F O2J0 6P21
6M6 J02!47%FF%F : 7$ L 27 J0% ;57% 9* FQ66%JEQ %1
JO%%7 J0% F9ME!% 7$ J0% E%!%2N%E <2/ME% ,=? 	JF 6P26M6
5J%E5 %PJ%7J !9EE%F;97$F J9 J0% 5J%E5 %PJ%7J 9* J0% 	#
7$ 2JF 6P26M6 N%EJ2!5 %PJ%7J !9EE%F;97$F J9 J0% J02!41
7%FF   :  L O02!0 !7 % /E%J%E J07 J0% F%2F62!
ON%5%7/J0F?
%E%# O% 6MFJ !5E2*Q F96% ;927JF? 	* 6;52JM$% 6%1
FME%6%7JF E% !97F2$%E%$# J0% 27J%E*!% E%-%!J2N2JQ 0F J9
% $%J%E627%$ Q !97F2$%E27/ J02F N95M6% O02!0 !JM55Q
%!JF 2J? 9E J0% %N5MJ297 9* J0% 27J%E*!% E%-%!J2N2JQ# J0%
FJEM!JME5 $%F!E2;J297 9* J0% 6M5J21F!5%$ 0%J%E9/%7%2J2%F
59!J%$ 27 J0% E%/297F 9N% 7$ %59O J0% 27J%E*!% 0F
J9 % !97F2$%E%$ F  ;E%52627EQ FJ%; J9OE$ J0% *9EOE$
69$%527/ 9* J0% E%F;97F% 9* J0% 27J%E*!%? ME *MJME% !971
JE2MJ297F O255 % *9!MF%$ 97 J02F J9;2!? 7 J0% 9J0%E 07$#
2* 975Q JEN%5J26% 6%FME%6%7JF E% !97F2$%E%$# *9E 271
FJ7!%# *9E 59!J27/ J0% E%-%!J9EF 27 J0% 6%$2# J0%E% 2F
79 7%%$ *9E $%+727/ J0% E%/297 9N% J0% 27J%E*!% O2J0
J02!47%FF :# %!MF% J02F E%/297 2F 5E%$Q 27!5M$%$ 27
J0% !5FF2!5 E%;E%F%7JJ297 9* J0% ? 	7 J02F !F%# 975Q J0%
E%/297 %Q97$ J0% 27J%E*!% O2J0 J02!47%FF L 0F J9 %
!97F2$%E%$?
(!   &
0% 26 9* J02F F%!J297 2F J9 27N%FJ2/J% J0% 26;E27J 9* J0%
E%-%!J9E $%F!E2%$ ;E%N29MF5Q 97 J0% ON% E%-%!J297 ;E91
!%FF? 9E% F;%!2+!55Q# O% O7J J9 %N5MJ% 2JF 27-M%7!%
97 J0% !5!M5J297 9* J0% 6;52JM$% 9* J0% E%-%!J%$ ON%
6%FME%$ J J0% E%!%2N%E? 9E J02F ;ME;9F%# 2J 2F 27FJEM!J2N%
J9 !96;E% J0% NE2J297 27 J0% 6;52JM$% 9J27%$ O2J0
 6%J09$ O02!0 !!9M7JF *9E J0% ;0QF2!5 $%F!E2;J297 9*
J0% E%-%!J9E# F  *M7!J297 9* J0% 27!2$%7!% 7/5%# O2J0 J0%
6;52JM$% ;E%$2!J%$ Q  7M6%E2!5 !9$% O02!0 ;E9N2$%F
J0% %P!J F95MJ297# 7$ O2J0 J0% 6;52JM$% ;E%$2!J%$ Q J0%
!5FF2!5  J0%9EQ <0%E%# J0% 9%;;E2JS %@MJ297F :G =?
9 *9!MF F;%!2+!55Q 97 J0% 26;E27J 9* !!9M7J27/ *9E J0%
 !97!%;J# O% !97F2$%E  N%EQ F26;5% %5FJ2! 69$%5# %?/?
 F699J0 0969/%7%9MF 27J%E*!% %JO%%7 0969/%7%9MF#
2F9JE9;2!# 7$ %5FJ2! 6%$2? F J0%E% 2F 79 0%J%E9/%7%2JQ
27 J0% N2!272JQ 9* J0% 27J%E*!%# 7$ 69E% F;%!255Q 27 J0%
E%/297F 9N% 7$ %59O J0% 27J%E*!% O02!0 $%F!E2% J0%
E%-%!J9E# 975Q J0% 	 0F J9 % !97F2$%E%$ *9E J0% !96;M1
JJ297 9* J0% 6;52JM$% 9* J0% E%-%!J%$ ON%?
(!! )   ,& #)&
%J J0% 9EJ09JE9;2! F9ME!% % 59!J%$ J J0% ;927J # *E
*E96 J0% ;57% 27J%E*!% %O%%7 J0% 6%$2? 0% F;0%E2!5
1ON% %67J27/ *E96 J0% F9ME!% ;E9;/J%F 952@M%5Q 27
J0% M;;%E 6%$2M6 7$ FJE24%F J0% 0969/%7%9MF 27J%E*!%?
	J 2F J0%7 E%-%!J%$ *E96 J0% 27J%E*!% 7$ +755Q 6%FME%$
J J0% E%!%2N%E 59!J%$ J J0% ;927J # *E *E96 J0% 27J%E*!%?
7% !F% 9* 27J%E*!% %JO%%7 %5FJ2! 6%$2 O09F%
;E9;%EJ2%F E% E%;9EJ%$ 27 5% 	 0F %%7 !09F%7 J9 251
5MFJEJ% J0% J0%9E%J2!5 E%FM5JF? 0% 27J%E*!% 2F F2JMJ%$ J 
$2FJ7!%   KTTT *E96 J0% F9ME!%1E%!%2N%E ;57%? 0%
F9ME!% F;%!JEM6 2F !09F%7 J9 % J0% 9ME2%E JE7F*9E6 9* 
2!4%E ON%5%J O2J0 J0% $96277J *E%@M%7!Q   KL 
7$ J0% *E%@M%7!Q 7$O2$J0   ' ?
% MF%$ J0% K !9$% : J9 !96;MJ% !!MEJ%5Q
FQ7J0%J2! F%2F69/E6F 27 6%$2?  2F  /%7%E5 ;ME1
;9F% !96;MJ%E !9$% *9E 69$%527/ F%2F691!9MFJ2! ;E9;1
/J297 27 09E2S97J55Q FJEJ2+%$ 6%$2 MF27/ ON%7M61
%E 27J%/EJ297 27 !9627J297 O2J0 J0% 2E%!J 595 1
JE2P F95MJ297 J%!072@M% :'# :8# LT ? 02F F9*JOE% 0F
: 0JJ;"II!9MFJ2!F?62J?%$MI*!M5JQI0%7E24?9F%F?0J65
!+
 
   
 .&** &'* * % 	* &'  /. "*-'
 % + #,11($
5% 	? E9;%EJ2%F 9* J0% 0969/%7%9MF# 2F9JE9;2! 7$ %5FJ2! 6%1
$2 27 !97J!J? #  7$ 
 $%79J%# E%F;%!J2N%5Q# J0% $%7F2JQ# 1
ON% 7$ 1ON% N%59!2J2%F *9E J0% M;;%E <FMF!E2;J : 27 J0% J%PJ=
7$ 59O%E <FMF!E2;J L 27 J0% J%PJ= 6%$2?
E9;%EJ2%F  <6IF= 
 <6IF=  <4/I6K=
;;%E 6%$2M6 .TTT LTTT LTTT
9O%E 6%$2M6 ,LTT L,TT L.TT
J0% /E%J $N7J/% 9* ;E9N2$27/ E%*%E%7!% F95MJ297F *9E
NE29MF JQ;%F 9* F9ME!%F <%P;59F2N% F9ME!%# N%EJ2!5 ;927J
*9E!%# %J!? ? ? =? 	7 $$2J297# M;OE$ 7$ $9O7OE$ ;E9;1
/J297 9* !96;E%FF2975 7$ 9* F0%E ON%F !7 % %F25Q
F%;EJ%$? 02F K !9$% 2F O2$%5Q MF%$ 27 J0% M7$%EOJ%E
!9MFJ2!F !966M72JQ 7$ 0F %%7 J09E9M/05Q N52$J%$?
(!(! )" 	 &")   "  +&


0% ;E95%6 M7$%E !97F2$%EJ297 !7 % N2%O%$ F  ;E91
5%6 9* $2E!J297 Q J0% ;0QF2!55Q E%5%N7J ;EJ 9* J0%
27J%E*!% <76%5Q# J0% 	=? % !09F% J9 ;;5Q J0% 71
/M5E ;%!JEM6 ;;E9!0 <= :K !9627%$ O2J0 J0%
	 !97!%;J J9 /%J J0% K 75QJ2!5 F95MJ297 J9 J02F ;E91
5%6? 0% 69J2NJ297F 9* J02F !092!% E% JO9*95$? E91
N2$%$ J0% 27!2$%7J F;0%E2!5 ON%+%5$ 2F $%!96;9F%$ Q
9ME2%E 75QF2F 27J9  527%E !9627J297 9* %5%6%7JEQ
;57% ON%FME*!%F# JEN%527/ 27 $2%E%7J $2E%!J297F OQ
*E96 J0% F9ME!%# J0% %%!J 9* ;E9;/J297 9N%E $2FJ7!%
2F F26;5Q  !07/% 9* J0% E%5J2N% ;0F%F 9* J0% NE29MF
;57% ON%FME*!% !96;97%7JF? 0%E67 L: 0F ;E9N%$
J0J $%F;2J% J0%2E ;;E%7J $2%E%7!%F# J0%  7$ J0%
+EFJ Q5%2/01966%E*%5$ F95MJ297 :K# !0;J%E K ;/%
.G Q2%5$ 2$%7J2!5 ;E%$2!J297F 9* $2E!J%$ +%5$F? 0% $1
N7J/% 9* MF27/ J0%  J0%7 F%%6F 9N29MF" 2J ;%E62JF
FJE2/0J*9EOE$ $%E2NJ297F 9* J0% 6%FME%$ 6;52JM$% 9*
J0% E%-%!J%$ ON% J J0% ;927J ? % E%*%E J9 J0% 994 9*
99$67 :K# !0;J%E K ;/%F ,,1H: *9E  $%J25%$ JE%J1
6%7J 9* J0% ?
0%7 MF27/ J0% # O% 0N% J9 E%627$ J0J 2J 2F 
J%!072@M% *9E 69$%527/ J0% ;E9;/J297 9* !9MFJ2! +%5$F
%JO%%7 ;E55%5 ;57%F? 0%E%*9E%# !97F2$%E27/ J0% !F% 9*
J0% E%-%!J297 9* +%5$F *E96 7 952@M% 27J%E*!% E%@M2E%F
J0% *9559O27/ FM!!%FF2N% FJ/%F"
 FJ/% :" !5!M5J297 9* J0% F;0%E2!5 1ON%+%5$ %61
7J27/ *E96 J0% ;927J F9ME!%  O02!0 0F ;E9;/J%$ 27
J0% M;;%E 6%$2M6# 975Q 27F2$% J0% 	 J J0% 27J%E*!%?
M552+!J297 9* J0% ON%+%5$ 9MJF2$% J0% 	#
 FJ/% L" L FJ 9ME2%E E7F*9E6J297 9* J0% ON%1
+%5$ 27 9E$%E J9 9J27 2JF 7/M5E F;%!JEM6#
 FJ/% K" ;;52!J297 9* J0%  E%-%!J297 !9%!2%7J
<0%E%# J0% 1 E%-%!J297 !9%!2%7J=#
 FJ/% ." E9JJ2975 JE7F*9E6J297 9* !96;5%P 6;521
JM$%F 27 J0% 9ME2%E $9627 7$ 27J%E;95J297 LL #
 FJ/% ," ;E9;/J297 9* J0% 7/M5E F;%!JEM6#
 FJ/% H" L 27N%EF% FJ 9ME2%E E7F*9E6J297 9* J0%
7/M5E F;%!JEM6# 27 9E$%E J9 /%J J0% 6;52JM$% 9* J0%
E%-%!J%$ 1ON% 6%FME%$ J J0% E%!%2N%E?
* * &* %* * * #*
 	  
**
*&
*
*#
*
*



$'

 $)
	!! %&) )
 %&)
2/ME% H? E2J297 27 J0% 6;52JM$% 9* J0% 1ON% E%-%!J%$ *E96
 ;57% 27J%E*!%# F  *M7!J297 9* J0% 27!2$%7!% 7/5%? 961
;E2F97 %JO%%7 J0% ;57%1ON% E%-%!J297 !9%!2%7J 7$ J0%
F;E%$27/1*E%% 6;52JM$%F FF9!2J%$ O2J0 J0% %P!J F95MJ297 7$
O2J0 J0% ;;E9P26J% F95MJ297? 0% %P!J F95MJ297 2F ;E9N2$%$
Q J0% K !9$% # O0%E%F J0% ;;E9P26J% F95MJ297 2F
9J27%$ Q ;;5Q27/ J0% 7/M5E ;%!JEM6 ;;E9!0 J9/%J0%E
O2J0 J0% 	7J%E*!% E%F7%5 97% !97!%;J? <%% 5% 	 7$ J%PJ *9E
J0% $%F!E2;J297 9* J0% 6%$2M6 !97+/MEJ297=?
* * &* %* * * #*
 	  
*
*
&*
%*
*
*
#*
"*

	
$(

 
 
 


2/ME% G? 2F!E%;7!2%F# 27 ;%E!%7J/%# %JO%%7 J0%  !MEN%
;E9N2$%$ Q J0% %P!J F95MJ297 O2J0 J0%  !MEN% ;E9N2$%$ Q
9ME ;;E9P26J297 <(=# 7$ %JO%%7 J0%  !MEN% ;E9N2$%$ Q
J0% %P!J F95MJ297 O2J0 J0%  !MEN% ;E9N2$%$ Q J0%  E%-%!1
J297 !9%!2%7J <1 1 1=? <%% 5% 	 7$ J%PJ *9E J0% $%F!E2;J297 9*
J0% 6%$2M6 !97+/MEJ297=?
(!'! #)&#  #)##
2/ME% H $%;2!JF J0% 6;52JM$%1N%EFMF17/5% <= !MEN%F
;E9N2$%$ Q J0% %P!J F95MJ297# Q 9ME ;;E9P26J297# 7$
Q J0%  J0%9EQ?  /%96%JE2!5 F;E%$27/ !96;%7FJ297
*!J9E %@M5 J9 !9F  OF ;;52%$ J9 J0% ;E%$2!J297F 9* 9MEK ;;E9P26J297# 7$ J9 J0% FQ7J0%J2! $J ;E9N2$%$ Q
J0% K !9$% # 27 9E$%E J9 % !96;E%$ 27  FM2J5%
OQ O2J0 J0%  ;E%$2!J297F?
	7F;%!J297 9* 2/ME% H F09OF J0J *9E F655 FM!E2J2!5
7/5%F#  !MEN%F FF9!2J%$ O2J0 J0% %P!J F95MJ297 7$
O2J0 J0%  J0%9EQ E% @M2J% 2$%7J2!5? 0% $2F!E%;7!2%F
!
.&** &'* * % 	* &'  /. "*-'  
   

 % + #,11($
%JO%%7 J0%6 $9 79J %P!%%$ :> M; J9   .T <2/ME% G=?
F J0%  E%-%!J297 !9%!2%7J NE2%F F699J05Q O2J0 J0%
27!2$%7!% 7/5%# J0% /%96%JE2!5 F;E%$27/ !96;%7FJ297
2F FM!2%7J J9 E%$M!% J0% 6;52JM$% 9* J0% E%-%!J%$ ON%
/%7%EJ%$ Q J0% ;927J F9ME!% J9 J0% E%-%!J%$  6;521
JM$%? 0% %%!J 9* J0% 	 97 J0% ON% 6;52JM$% 2F 7%/1
52/25% *9E F655 27!2$%7!% 7/5%F 27 J0% FM!E2J2!5 E%/297?
%JO%%7   .T 7$ J0% !E2J2!5 7/5%   ,TL'# J0%
 E%-%!J297 !9%!2%7J E;2$5Q 27!E%F%F O2J0 J0% 27!21
$%7!% 7/5%# 7$ J0% /%96%JE2!5 F;E%$27/ !96;%7FJ297
2F 79J FM!2%7J 7Q69E%? 0% $2F!E%;7!2%F %JO%%7 J0%
%P!J !MEN% 7$ J0%  E%-%!J297 !9%!2%7J 27!E%F% O2J0
J0% 27!2$%7!% 7/5% 7$ %P!%%$ GT> *9E  <2/ME% G=?
0%E%*9E%# J0% $$2J2975 ;;52!J297 9* J0% 	 !97!%;J
%!96%F 7%!%FFEQ J9 /%J J0% E%-%!J%$ 1ON% 6;52JM$%?
%59O 7$ !59F% J9 J0% !E2J2!5 7/5%# J0% ;E%$2!J297F 9*
9ME ;;E9P26J297 %JJ%E +J J0% %P!J F95MJ297 J07 J0% 
E%-%!J297 !9%!2%7J# 69E% ;EJ2!M5E5Q %JO%%7   .G
7$  ? 0% $2F!E%;7!2%F %JO%%7 J0%  !MEN%F 7$
J0% %P!J !MEN%F $9 79J %P!%%$ ,> M; J9   ,L 7$ E%
F655%E J07 :> *9E  <2/ME% G=? %N%EJ0%5%FF# O2J0 271
!E%F27/ 27!2$%7!% 7/5%# J0% ;;E9P26J% F95MJ297 F09OF
27!E%F27/ $2F!E%;7!2%F 27 !96;E2F97 O2J0 J0% %P!J F91
5MJ297? 0% $2F!E%;7!2%F E%!0 J0% 6P26M6 N5M% 9*
LL> *9E   ,H<2/ME% G=? 0% %P;57J297 !96%F *E96
J0% *!J J0J O% !5!M5J%$ 975Q J0% E%-%!J%$ ON% 6;521
JM$%# O0%E%F J0% !9$%  ;E9N2$%F J0% 6;52JM$% 9*
J0% 27J%E*%E%7!% %JO%%7 J0% E%-%!J%$ 7$ J0% 0%$ ON%1
+%5$F? 0% !97JE2MJ297 9* %!0 ON%+%5$ J9 J0% /595 61
;52JM$% E%!9E$%$ J J0% E%!%2N%E !779J % $2F!E2627J%$ 27
J0% FQ7J0%J2! F%2F69/E6F %!MF% 9J0 ON%F 0N% J0%
F6% JEN%5J26% *9E  F;%!2+! E7/% 9* 27!2$%7!% 7/5%F?
9E /E%J ;9FJ!E2J2!5 7/5%F# *9E O02!0 J0% F2/75 E%5J2N%
J9 J0% 0%$ ON% 7$ J0% F2/75 E%5J2N% J9 J0% E%-%!J%$
ON% !7 % F%;EJ%$ 27 J26%# 9ME ;;E9P26J297 J%7$F
J9 J0% %P!J F95MJ297F? ME ;E%F%7J O9E4 2F *9!MF%$ 97 J02F
J9;2! 7$ E%FM5JF O255 % E%;9EJ%$ 5J%E?
9J% J0J /%7%E5 !97!5MF297F $EO7 9N% O02!0 E%
!97!%E7%$ O2J0 J0% 27J%E*!% 69$%5 $%F!E2%$ 27 5% 	
E% 27 *!J !96697 J9 9J0%E 27J%E*!% 69$%5F O2J0 59O%E
9E FJE97/%E 26;%$7!% !97JEFJF?
)#
0% /95 9* J0% ;;%E OF JO9*95$" J9 $%F!E2% J0% E%-%!J9E
*E96 J0% F%2F62! N2%O;927J# 9E 27 9J0%E J%E6F# J9 $%J%E627%
J0% E%/297 27 J0% N2!272JQ 9* J0% 27J%E*!% O02!0 !JM55Q
%!JF J0% E%-%!J%$ ON%+%5$ E%!9E$%$ Q J0% E%!%2N%EF#
7$ J9 %N5MJ% J0% 26;E27J 9* J02F E%/297 97 J0% 6;52JM$%
9* J0% E%-%!J%$ ON%F? 9E J02F ;ME;9F%# J0% F;J25 E%/297
0F %%7 $%J%E627%$ MF27/ J0% E%F7%5 N95M6% 7$ J0% 	71
J%E*!% E%F7%5 S97% <	= !97!%;JF? 	J 2F E%;E%F%7J%$ Q
 N95M6% 9* 27J%/EJ297 9* ;E9;%EJ2%F 9N% 7$ %Q97$
J0% 27J%E*!%# O2J0  6P26M6 5J%E5 %PJ%7J !9EE%F;97$1
27/ J9 J0% 5J%E5 %PJ%7J 9* J0% 	# 7$ O2J0  6P26M6
N%EJ2!5 %PJ%7J !9EE%F;97$27/ J9  J02!47%FF O% 0N% %N51
MJ%$ %P!J5Q 7$ O02!0 !7 % /E%J%E J07 J0% F%2F62!
ON%5%7/J0F? % 0N% J0%7 !5!M5J%$ J0% 6;52JM$% 9* J0%
1ON% %67J27/ *E96  ;927J F9ME!% 7$ E%!9E$%$ J 
E%!%2N%E *J%E 2JF F;%!M5E E%-%!J297 97  F699J0 0969/%1
7%9MF 27J%E*!% %JO%%7 JO9 %5FJ2! 6%$2? F J0% ;E95%6
M7$%E !97F2$%EJ297 !7 % N2%O%$ F  ;E95%6 9* $2E!1
J297 Q J0% 	 O02!0 2F J0% ;0QF2!55Q E%5%N7J ;EJ 9* J0%
27J%E*!% O02!0 !JM55Q %!JF J0% E%-%!J%$ ON%+%5$ 27
J02F F26;5% !F%# O% 0N% ;;52%$ J0% 7/M5E ;%!JEM6
;;E9!0 <= J9 /%J J0% K 75QJ2!5 F95MJ297? 0%
NE2J297 27 J0% E%-%!J%$ 1ON% 6;52JM$% %N5MJ%$ O2J0
J0% # F  *M7!J297 9* J0% 27!2$%7!% 7/5%# 0F %%7
+755Q !96;E%$ O2J0 J0% ;57%1ON% <= E%-%!J297 !91
%!2%7J# 7$ O2J0 J0% %P!J F95MJ297 9J27%$ O2J0 J0% K
!9$% ? 9E F655 27!2$%7!% 7/5%F 27 J0% FM!E2J21
!5 E%/297# *9E O02!0 J0%  E%-%!J297 !9%!2%7J NE2%F
F699J05Q O2J0 J0% 27!2$%7!% 7/5%# J0% /%96%JE2!5 F;E%$1
27/ !96;%7FJ297 0F %%7 FM!2%7J J9 E%$M!% J0% 6;521
JM$% 9* J0% E%-%!J%$ ON% /%7%EJ%$ Q J0% ;927J F9ME!%
J9 J0% E%-%!J%$  6;52JM$%# 7$ J0%E%*9E% J0% %%!J 9*
J0% 	 97 J0% ON% 6;52JM$% 0F %%7 7%/52/25%? %N1
%EJ0%5%FF# *9E 27!2$%7!% 7/5%F !59F% J9 J0% !E2J2!5 7/5%#
*9E O02!0 J0%  E%-%!J297 !9%!2%7J E;2$5Q 27!E%F%F
O2J0 J0% 27!2$%7!% 7/5%# J0% ;E%$2!J297 9* 9ME ;;E9P261
J297 0F %JJ%E +JJ%$ J0% %P!J F95MJ297 J07 J0% ;57%1ON%
E%-%!J297 !9%!2%7J# O02!0 %6;0F2S%F J0% 26;9EJ7!% 9*
!!9M7J27/ *9E J0% 	 27 6;52JM$% !5!M5J297F? %N%E1
J0%5%FF# O2J0 27!E%F27/ 27!2$%7!% 7/5%# J0% ;;E9P26J%
F95MJ297 0F F09O7 27!E%F27/ $2F!E%;7!2%F 27 !96;E21
F97 O2J0 J0% %P!J F95MJ297 %!MF%# !97JEEQ J9 J0% !9$%
# O% 0N% !5!M5J%$ 975Q J0% !97JE2MJ297 9* J0%
E%-%!J%$ ON%+%5$# O2J09MJ !!9M7J27/ *9E J0% !97JE2M1
J297 9* J0% 0%$ ON%+%5$?
0% O9E4 ;E%F%7J%$ 27 J0% ;;%E 2F  ;E%52627EQ FJ%;
J9OE$  B69E% ;0QF2!5C 69$%527/ 9* ON% ;E9;/J297
27 !96;5%P 6%$2? 	J 2$%7J2+%F J0% N95M6% 9* 27J%/EJ297
7$ 0969/%7%2SJ297 9* J0% ;E9;%EJ2%F 9* J0% 27J%E*!% *9E
O02!0  FJEM!JME5 $%F!E2;J297 9* J0% 6M5J21F!5%$ 0%J%E91
/%7%2J2%F 0F J9 % ;%E*9E6%$ *9E 69$%527/ J0% E%F;97F% 9*
J0% 27J%E*!%? ME *MJME% !97JE2MJ297F O255 % *9!MF%$ 97
J02F J9;2!?
+&#
% O9M5$ 524% J9 J074 JO9 797Q69MF E%N2%O%EF *9E J0%2E
E%5%N7J FM//%FJ297F O02!0 0N% 26;E9N%$ J0% ;;%E F2/1
72+!7J5Q?
0% O9E4 E%;9EJ%$ 0%E% 2F J0% E%FM5J 9* $2F!MFF297F 7$
*EM2J*M5 !9559EJ297 O2J0 9ME *E2%7$ E E2! $% S%52E%
$ME27/ 67Q Q%EF? % !97F2$%E 9MEF%5N%F %PJE%6%5Q *9E1
JM7J% J9 0N% 0$ J0% 9;;9EJM72JQ J9 O9E4 J !59F% @MEJ%EF
O2J0  F!2%7J2FJ 9* 02F !52E%# 7$ 69E% F;%!255Q J9 0N%
FJE94%7 M;  ;E9*9M7$ *E2%7$F02; O2J0 026?
"#
: ? %EN%7R" %2F62! EQ J0%9EQ? 6E2$/% 72N%EF2JQ
E%FF# 6E2$/%# # LTT:?
L ? ENJF9N# ? E59N" %96%JE2!5 9;J2!F 9* 270969/%1
7%9MF 6%$2? ;E27/%E1%E5/# ?# :88T# <;E27/%E %E2%F
97 N% 0%796%7=?
!
 
   
 .&** &'* * % 	* &'  /. "*-'
 % + #,11($
K 
? !05%2!0%E# ? ME5# ? Q/%5# ? 
Q" 2726M6 ;%E1
JME%F 7$ E%F7%5 S97%F 27 62/EJ297 7$ $%62/EJ297? %91
;0QF2!F %( <:88G= :'K):8.?
. 
? ;%JS5%E# ? 72%$%E" 0% E%F7%5 N95M6% 7$ JE7F62JJ%$
ON%F"  JMJ9E25? %9;0QF? 
? 	7J? % <LTT.= H,K)HHK?
, ? 09M# ? 05%7# ? 95%J# ? F4%" 272J%1*E%@M%7!Q
%%!JF 27 /595 FME*!%1ON% J969/E;0Q? %9;0QF? 
? 	7J?
%' <LTT,= :T'G)::::?
H ? %EN%7R# 
? 9E%F" E%F7%5 N95M6% EQ1JE!27/? %91
;0QF2!F $ <:88L= 8TL)8:,?
G ? NF724# ? %EN%7R" E%F7%5 N95M6%F 7$ E%F7%5
S97%F 27 !96;5%P 5J%E55Q NEQ27/ FJEM!JME%F? 
? %2F6? P1
;59E? ' <:88.= L:,)LKT?
' ? NF724# ? %EN%7R" 75QJ2!5 %P;E%FF297F *9E E%F1
7%5 N95M6%F 7$ 27J%E*!% E%F7%5 S97%F 9* F%2F62! 9$Q
ON%F? ;EJ :" 2E%!J 7$ M7!97N%EJ%$ E%-%!J%$ ON%F?
JM$? %9;0QF? %9$? . <:88H= :KH):,,?
8 ? NF724# ? %EN%7R" 75QJ2!5 %P;E%FF297F *9E E%F1
7%5 N95M6%F 7$ 27J%E*!% E%F7%5 S97%F 9* F%2F62! 9$Q
ON%F? ;EJ L" E7F62JJ%$ 7$ !97N%EJ%$ ON%F? 0%$
ON%F? JM$? %9;0QF? %9$? . <:88H= K':)K8G?
:T 
? ? /%$99E7"  ;E9!%FF 9* F%2F62! E%-%!J297 27J%E;E%1
JJ297? %9;0QF2!5 E9F;%!J27/ ( <:8,.= ',):LG?
:: ? 0%E2" 969/E6 *9E E%F7%51S97% !5!M5J297? %91
;0QF2!F  <:8'T= 8H')8GL?
:L 
? 27$F%Q" 0% E%F7%5 S97% 7$ 2JF 27J%E;E%JJ2N% F2/72+1
!7!%? 0% %$27/ $/%  <:8'8= KK)K8?
:K 
? 99$67" 	7JE9$M!J297 J9 9ME2%E 9;J2!F? F%!97$ %$?
!EO1255# :88H?
:. ? 9E7# ? 95*" E27!2;5%F 9* 9;J2!F? GJ0 %P;7$%$ %$21
J297? 6E2$/% 72N%EF2JQ E%FF# :888?
:, ? 7;;" E%F7%5 S97%F 27 J0% 52/0J 9* E9$7$ $J?
%9;0QF2!F % <:88:= K,.)K,8?
:H ? ME5# ? E%Q" 	7J%E75 N%59!2J2%F *E96 F%2F62! E%-%!1
J297 J26% 6%FME%6%7JF? # :8'T?
:G ? 42# ? 2!0E$F" M7J2JJ2N% F%2F6959/Q? %!97$ %$?
72N%EF2JQ !2%7!% 994F# LTTL?
:' ? !062$J# ? 
%7F%7"  *M55 ON% F95MJ297 *9E ;E9;/1
J297 27 6M5J25Q%E%$ N2F!9%5FJ2! 6%$2 O2J0 ;;52!J297
J9 MFF27 %6 E%-%!J297 J -M2$1F952$ 27J%E*!%F? 
?
!9MFJ? 9!? 6? $$ <:8',= ':K)'L,?
:8 ? !062$J# ? 7/9" !2%7J /595 6JE2P ;;E9!0 J9
J0% !96;MJJ297 9* FQ7J0%J2! F%2F69/E6F? %9;0QF? 
? ?
FJE? 9!?  <:8'H= KK:)K,8?
LT ? ? 
%7F%7# ? ? M;%E67# ? ? 9EJ%E# ? !062$J"
96;MJJ2975 9!%7 !9MFJ2!F? 6%E2!7 	7FJ2JMJ% 9*
0QF2!F# %O 9E4# :88.?
L: ? 0%E67" ;;52!J297 9* J0% !97N95MJ297 J0%9E%6 J9
Q5%2/0DF 27J%/E5 *9E6M5F? 
? ;J? 9!? 6? $ <:8HG=
,.H?
LL ? JFMF026# ? !0266%5# ? QE9OF42" FJ !5!M51
J297 6%J09$ *9E 9;J2!5 $2E!J297 97 J25J%$ ;57%F Q MF% 9*
J0% 7/M5E F;%!JEM6 9* ;57% ON%F? 
9ME75 9* J0% ;J2!5
9!2%JQ 9* 6%E2!  (. <LTTK= :G,,):GHL?
!)
